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ABSTRACT
Preweanlng data on 960 calves produced from 1961 through 
1968 on the Ben Hur Farm, Baton Rouge, Louisiana, were used to 
estimate maternal heterotic and specific heterotic effects 
and to predict weaning weight performance of rotational 
crossbreeding systems. Stralghtbred, singlecross and 
three-breed cross calves were produced by mating stralghtbred 
dams of the Angus, Brahman, Brangus and Hereford breeds and 
all reciprocal two-breed crosses to sires of these breeds plus 
Charolals sires.
Linear functions of calf breeding constants were used to 
estimate maternal heterosls by comparing triple-cross progeny 
with the average performance of singlecross progeny from the 
parental breeds of the dam. Maternal heterosls was generally 
nonsignificant for birth weight but generally significant for 
weaning weight and condition score. Average increased 
environmental advantages received by calves from singlecross 
cows were birth weight, 1.7%; weaning weight, 7.2%; and condition 
score, 5.4%.
Specific heterotic effects for preweaning traits were 
significant for most crosses. Singlecrosses normally exceeded
vi
the parental means by 7.8%, 10.3% and 4.4%, respectivelv, for 
birth weight, weaning weight and condition score.
The relative contributions of additive, specific and 
maternal heterotic effects to the mean weaning weight of 
three-breed cross calves were 84.8%, 8.6% and 6.6%, respectively.
Results of this study indicated that the first generation 
of rotational crossbreeding systems should be produced to make 
accurate predictions of future performance since parental average 
as well as the average were not reliable indicators. Of the 
crosses involved in this study, the Brahman-Hereford appears as 
the preferable two-breed rotation and the Brahman-Brangus- 
Hereford seems to be the superior three-breed rotation.
vii
INTRODUCTION
Crossbreeding offers the beef cattle industry a tremendous 
opportunity for increased production as it has the poultry and 
swine industries. To fully capitalize on crossbreeding, 
considerable information is needed in two broad areas to aid 
in designing efficient crossbreeding systems. That is, genetic 
variability existing among breeds must be described and the most 
appropriate methods of utilizing this variability must be 
determined for various environments. More specifically, 
information on the expected transmitted additive effects of various 
breeds are important for deciding which breeds are advantageous 
as sire breeds or dam breeds. The magnitude of maternal heterotic 
and specific heterotic effects must also be available to further 
decide which system of crossbreeding should be employed.
Recent review articles by Mason (1966) and Cundiff (1970) 
have documented the advantages of crossbreeding in cattle.
The majority of reported work has yielded information only on 
breed differences and specific heterosls since it has been 
primarily concerned with crossbred calves from stralghtbred 
cows. When using the crossbred cow, maternal advantages 
associated with backcross and three-bred cross progenv have 
been implied. However, little work has been reported in
1
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estimating the actual maternal heterotic effect of singlecross 
cows. Maternal heterotic effects express the specific increased 
environmental advantage of progeny from crossbred cows. They 
are specific effects of the crossbred-cow genotype but are 
measured as environmental effects from calf breeding analyses. 
With stralghtbred, singlecross and three-breed cross calves, 
maternal heterosls of the crossbred cow and specific heterosls 
of singlecross calves can be estimated.
The objectives of this study were to estimate maternal 
heterosls in preweanlng traits, to describe the relative 
influence of additive, specific and maternal heterotic effects 
on weaning weight of triple-cross calves and to predict weaning 
weight performance for rotational crossbreeding systems.
As previously mentioned, a review of literature revealed 
a very limited amount of work reported in these areas. Referring 
to other research results for the specific objectives that they 
were reported was not possible. However, transformation of 
reported data was done in order to obtain reference material for 
comparative purposes. Because of this, it was more appropriate 
to include references in the results and discussion section than 
to include a separate literature review section.
MATERIALS AND METHODS
Preweaning data on 960 calves produced from 1961 through 1968 
on the Ben Hur Farm, Louisiana Agricultural Experiment Station,
Baton Rouge, were used in this study. Straightbred cows of the 
Angus, Brahman, Brangus and Hereford breeds and all reciprocal 
two-breed crosses among these breeds were represented. They were 
pasture mated to straightbred sires of these breeds plus Charolais 
sires to produce 222 straightbred, 337 singlecross and 401 three- 
breed cross calves. The following notation will be used when dis­
cussing the relationships among various breed combinations. Breeds 
joined by a (-) refers to all possible combinations while breeds 
joined by (X) refers to a specific combination with the sire breed 
appearing first followed by the dam breed.
Dams were alloted at random within breed and age to breeding 
herds and the herds were rotated annually to be served by a different 
sire each year. Each sire produced all possible mating types. All 
cattle were handled under the same management system with calves 
born between January 1 and April 15. Calves were identified, 
weighed and, if necessary, castrated and dehorned within 24 hours 
after birth. Calves were weaned off native pastures without creep 
at an average age of 211 days.
Preweaning traits considered in this study were birth weight, 
weaning weight and weaning condition score. Condition score was a
3
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visual evaluation by a committee of three judges based on a 
numerical scale where 10 denoted a grade of average good and each 
unit change represented one-third of a grade. This score 
represented quality and condition based on U.S.D.A. calf slaughter 
grades.
The least-square method of fitting constants with dispro­
portionate subclass numbers as described by Harvey (1960) was used 
for data analyses. The computations and statistical analyses were 
performed with the IBM 360 computer located at the Louisiana State 
University Computer Center.
Estimation of Additive, Specific and Maternal Heterotic Effects
Analyses of preweaning traits were obtained with a model 
considering the effects of year, sex and breed of calf plus partial 
regressions on weaning age of calf and age of dam. The validity of 
including a weaning age of calf effect on birth weight may be argued 
but it is probably justified from a season-of-birth standpoint. 
Individual sire effects were not included because Gregory et al. 
(1965) and Pahnish et al. (1969) reported nonsignificant sire 
effects in crossbred studies as did Brinks et al. (1967) in a 
straightbred study. Interactions were assumed to be negligible 
since Turner and McDonald (1969) generally found year X mating type 
to be nonsignificant. Also, Gregory et al. (1965) observed no 
significant interactions with years and Gaines et ad. (1970) found 
year X sex to be nonslgnl f I cant . Age of ilani X sex and breed X sex 
interactions were reported to be nonsignificant by Cardelllno and 
Frahm (1971).
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Linear functions of calf breeding constants obtained from the 
above model were used in estimating maternal and specific heterosls 
and the appropriate standard errors. The "t" test was used as the 
test of significance. It must be noted that all comparisons were 
not orthogonal, thus the level of significance for the "t" test may 
be different than the indicated probability.
The following mathematical model for the phenotypic value of 
a three-breed cross calf mean was used for the independent estima­
tion of additive, specific heterotic and maternal heterotic 
effects and the percentage contribution of each:
PHxAB * AHxAB + SHxAB + MAB
- fcH + iA + fcBj + lj(HxA - M+A) + (HxB - +^xAB - »xA + HxBj
where
**HxAB ™ average phenotypic value of three-breed cross calves
by H sires and singlecross dams of AxB breeding
AHxAB “ additive contribution of the three breeds
Sr xAB “ non-additive effects of the calf which by definition 
of heterosls is the difference between the average 
performance of a cross between two groups and the 
average performance of the two parent groups 
= maternal heterosls exhibited by the singlecross dam 
defined as the average performance of progeny from 
crossbred dams minus the average performance of the 
singlecross progeny from the parental breeds of the 
dam..
The validity of this model relies on several assumptions:
(a) Environmental influences would be consistent over all 
breeds.
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(b) Interactions among sire breeds and the maternal ability 
of the dam are non-existent.
(c) Epistatic effects are unimportant.
(d) The specific combining ability of a triple cross is the 
average of the combining abilities of the two 
singlecrosses.
For each type of singlecross cow, separate estimates of 
maternal heterosls were determined for each three-breed cross calf 
and a combined estimate for the three possible triple crosses.
This process was repeated for the reciprocal cow and with the 
reciprocals combined.
Specific heterosls was estimated for each of the twelve types 
of singlecross calves. Also, estimates were obtained with 
reciprocals combined.
After determining specific and maternal heterotic effects, 
these estimates plus the additive contribution of the three breeds 
were combined to reconstruct the triple cross means for weaning 
weight. The objective was to determine the relative influence 
of these three components on weaning performance.
Prediction of Rotational Cross Performance
Predictions of weaning weight performance expected from 
rotational crossbreeding were made with estimates of additive, 
specific heterotic and maternal heterotic effects. The percentage 
contribution to mean performance for each effect with respect to
7
breed of sire in each cycle of the rotation was determined through 
five generations. Of particular interest was the estimation of 
crisscross systems involving Angus-Brahman and Hereford-Brahman 
crosses and three-breed systems involving Angus-Brahman-Hereford 
crosses. These particular crosses correspond to lines 5, 7 and 
9, respectively in the current project at the Ben Hur Farm as 
described by Turner (1968).
In addition to predicting performance by the above method, 
predictions were also calculated by use of the following equations 
reported by Carmon et al. (1956):
(S2 “ ^2^
R2 *  S2  5-------
where:
R2 ■ mean performance after stabilization in a two-line 
rotation system 
S2 ■ mean performance of the singlecross 
X 2 “ mean performance of the parental lines; and
(S3 “
where:
R^ = mean performance after stabilization in a three-line 
rotational system 
S3 = mean performance of the three singlecrosses
= mean performance of the parental lines.
RESULTS AND DISCUSSION
Analyses of variance for the preweaning traits are presented 
in table 1. All sources of variation were significant (P < .01) 
for all traits except for the regression of weaning condition 
score on age of dam. The regression of birth weight on weaning 
age of calf was interpreted as a season-of-birth effect with 
calves born later in the season being heavier at birth. Male 
calves were heavier (P < .01) at birth (2.2 kg) and weaning 
(12.5 kg) than heifers. Heifers had a slight advantage over 
steers in respect to weaning condition score.
The significance of all the sources of variation on 
preweaning performance are in agreement with the majority of 
reported work. Numerous studies have indicated significant 
breed effects (Cartwright et al. . 1964; Gregory et. .al. , 1965). 
Sellers, Willham and de Baca (1970) and Cardellino and Frahm 
(1971) found year and age-of-dam effects to be present. Koonce 
and Dillard (1967) found males to be 1.6 kg heavier at birth and 
Brown (1960) discussed a range from 10 to 14.5 kg advantage for 
males at weaning. Pahnish et al. (1969) observed heifers to be 
superior to steers for weaning scores.
Least-squares means for all traits and number of calves per 
breed type are contained in table 2. Standard errors for those 
crosses with less than 10 calves, especially the two classes
8
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Year 7 68.0** 5614.2** 67.94**
Breed of calf 55 143.0 5924.3** 4.26**
Sex 1 1093.8 35137.9** 66. 30
Pi (age of dam) 1 172.9** 6100.6** 3.20
32 (age of calf) 1 351.8** A A194440.9 46.88**
Error 894 19.0 420.9 0.84
**P < .01.
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kg kg kg kg
960 31.8 0.17 198.9 0.8 9.69 0.04
A 51 26.2 0.62 156.3 2.9 9.36 0.13
B 56 28.6 0.59 178.4 2.8 8 72 0.12
Ba 61 29.6 0.56 190.7 2.6 9.07 0.12
H 54 30.0 0.60 157.4 2.8 9.01 0.13
AXB 23 26.7 0.91 187.5 4.3 10.00 0.19
AXBa 24 28.6 0.89 187.3 4.2 9.80 0.19
AXH 23 29.6 0.91 163.3 4.3 9.35 0.19
BXA 15 33.6 1.13 193.6 5.3 9.33 0.24
BXBa 23 34.7 0.91 211.7 4.3 9.53 0.19
BXH 19 33.8 1.01 187.1 4.8 9.08 0.21
Bax A 23 31.0 0.91 184.0 4.3 9.14 0.19
BaxB 19 27.1 1.01 181.0 4.7 9.06 0.21
BaXH 22 33.2 0.93 180.0 4.4 8.80 0.20
CxA 19 33.0 1.00 196.0 4.7 9.48 0.21
CXB 19 31.1 1.01 211.8 4.8 9.34 0.21
CxBa 16 35.2 1.10 214.6 5.2 9.27 0.23
CXH 17 35.0 1.06 178.1 5.0 9.01 0.22
HXA 26 31.7 0.86 183.3 4.0 9.42 0.18
HXB 23 28.9 0.91 199.9 4.3 9.81 0.19
HXBa 26 30.8 0.86 198.6 4.0 9.86 0.18
AXBBa 21 28.0 0.96 203.0 4.5 10.37 0.20
AXBH 16 28.8 1.09 201.3 5.1 10.28 0.23
AXBaB 8 29.1 1.55 193.2 7.3 9.89 0.32
AxBaH 10 29.0 1.38 181.5 6.5 9.93 0.29
AXHB 20 32.3 0.98 221.0 4.6 10.48 0.21
AxHBa 11 29.6 1.32 189.4 6.2 9.8Q 0.28
BxABa 12 35.4 1.26 206.1 5.9 9.26 0.26
BXAH 11 37.3 1.32 201.1 6.2 9.81 0.28
BXBaA 7 32.7 1.66 201.8 7.8 9.51 0.35
BxBaH 8 34.4 1.55 202.6 7.3 9.70 0.33
BxHA 8 35.7 1.55 198.3 7.3 9.54 0.33
BXHBa 13 35.8 1.22 210.1 5.7 9.82 0.26
BaXAB 13 26.2 1.21 199.6 5.7 10.14 0.25
BaXAH 10 32.8 1.39 187.2 6.5 9.77 0.29
Bax BA 12 27.3 1.27 202.3 6.0 9.88 0.27
BaXBH 14 31.1 1.17 211.9 5.5 9.81 0.25
Bax HA 12 33.5 1.26 194.5 5.9 9.37 0.26













kg kg kg kg
CXAB 7 32.9 1.66 219.2 7.8 9.56 0.35
CXABa 9 35.0 1.47 222.0 6.9 9.51 0.31
CxAH 9 33.5 1.46 189.2 6.9 9.12 0.31
CXBA 12 30.6 1.27 202.1 5.9 9.90 0.26
CXBBa 19 35.6 1.01 225.9 4.7 10.14 0.21
CXBH 10 29.6 1.39 211.6 6.5 9.71 0.29
CxBaA 7 35.8 1.66 202.5 7.8 9.83 0.35
CXBaB 4 34.9 2.19 236.0 10.3 10.03 0.46
CxBaH 9 37.3 1.46 208.5 6.9 9.31 0.31
CXHA 4 34.0 2.19 197.3 10.3 9.55 0.46
CXHB 14 32.4 1.17 220.2 5.5 10.41 0.24
CXHBa 11 36.6 1.32 209.8 6.2 9.70 0.28
HXAB 14 30.5 1.17 205.6 5.5 10.20 0.25
HXABa 12 31.3 1.27 189.1 6.0 9.85 0.27
HXBA 9 30.7 1.46 224.5 6.9 11.00 0.31
HxBBa 16 30.2 1.10 211.2 5.2 10.24 0.23
HXBaA 9 32.2 1.46 191.2 6.9 9.95 0.31
HxBaB 8 29.2 1.55 211.2 7.3 10.85 0.32
Backcrosses
AxAB 14 28.4 1.16 202.0 5.5 10.14 0.25
AxABa 12 28.5 1.26 181.1 6.0 9.80 0.27
AXAH 12 30.1 1.25 175.7 6.0 9.55 0.27
AXBA 10 29.2 1.37 202.0 6.5 10.31 0.29
AxBaA 9 28.0 1.45 174.4 6.9 9.51 0.31
AxHA 15 24.7 1.12 151.2 5.4 9.11 0.24
BXAB 15 31.4 1.12 210.2 5.3 9.80 0.24
BxBA 11 28.4 1.31 193.0 6.2 9.35 0.28
BXBBa 15 29.2 1.12 192.1 5.3 9.53 0.24
BXBH 13 30.8 1.20 207.3 5.7 9.92 0.26
BXBaB 5 33.7 1.94 204.2 9.3 9.87 0.41
BxHB 17 31.7 1.05 214.1 5.0 9.56 0.22
BaxABa 12 31.9 1.25 197.1 6.0 9.57 0.27
BaxBBa 14 32.4 1.16 206.2 5.5 9.32 0.25
BaXBaA 8 32.4 1.54 187.1 7.3 8.78 0.33
BaXBaB 5 25.2 1.94 195.2 9.3 10.42 0.41
BaXBaH 8 35.1 1.53 215.0 7.3 9.46 0.33
BaXHBa 13 33.4 1.20 203.3 5.7 9.30 0.26
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TABLE 2. (Continued)
Breed of Birth weight Weaning weight Condition score^
calfa Number Mean  SE Mean SE Mean SE
kg kg kg kg
HXAH 11 33.5 1.31 182.9 6.3 10.14 0.28
HXBH 16 31.0 1.08 203.7 5.2 10.27 0.23
HXBaH 9 34.3 1.45 203.5 6.9 9.85 0.31
HxHA 9 31.3 1.45 181.0 6.9 10.08 0.31
HXHB 16 32.1 1.08 218.5 5.2 10.98 0.23
HXHBa 12 30.7 1.25 197.2 6.0 10.13 0.27
aBreeds coded as: A ■ Angus, B ■ Brahman, Ba * Brangus,
C - Charolais, H ■ Hereford and breed of sire appears first, I.e., AXB 
represents a calf produced by an Angus bull and Brahman cow, AXBBa
represents a calf by an Angus bull and Brahman X Brangus singlecross
cow.
^A score of 10 denotes a grade of average Good with each unit of
change referring to one-third of a grade.
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(C X BaB, C X HA) with four calves, were normally larger than 
for other breed types. Thus, when only a limited number of calves 
were used to describe a particular cross, the tests of significance 
for the linear functions involving these means would require large 
differences for significance.
The least-squares means for the backcross calves, listed 
separately at the bottom of table 2, were obtained from a second 
run of the original analyses. The purpose for obtaining these 
means was for comparisons of predicted and observed performance 
levels for generation 1 in two-breed rotations which will be 
discussed later in this presentation. These calves were 
contemporaries to the other breed types and received the same 
environmental adjustments. Backcrosses were not included in the 
original analyses because they were not needed for computations 
of specific and maternal heterosls and the probability of 
rounding errors during matrix inversion would have been increased 
by their inclusion.
Maternal Heterosls
Maternal heterotic effects for birth weight, shown in table 3, 
were generally nonsignificant. However, Angus X Brahman and the 
combined reciprocals exhibited significant negative effects for 
Brangus-sired calves. This was attributed to the heavier Brangus 
X Angus singlecross calves. Brahman-sired calves from Angus X 
Hereford dams were heavier (P < .01) than Brahman X Angus and




CompositeAngus (A) Brahman (B) Brangus (Ba) Charolais (C) Hereford (H)
Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE
AXB -2.86* 1.39 0.88 1.80 0.20 1.33 -.59 0.88
BXA -1.76 1.44 -1.49 1.45 0.42 1.59 -.95 0.87
AXB + BXA -2.31** 1.12 -.31 1.26 0.31 1.13 -.77 0.68
AxBa 1.27 1.46 0.91 1.65 0.00 1.41 0.73 0.87
BaxA -1.46 1.81 1.73 1.81 0.95 1.58 0.41 1.00
AXBa + BaXA -.10 1.27 1.32 1.33 0.48 1.14 0.57 0.73
AXH 3.59** 1.53 0.74 1.53 -.49 1.64 1.28 0.91
HxA 1.96 1.72 1.43 1.42 -.02 2.31 1.12 1.07
AXH + HxA 2.78* 1.27 1.09 1.14 -.25 1.51 1.21 0.76
BXBa 0.37 1.16 2.43* 1.26 0.33 1.27 1.04 0.71
BaXB 1.47 1.68 1.70 2.31 -.66 1.67 0.83 1.10
BXBa + BaXB 0.92 1.12 2.06 1.42 -.17 1.13 0.94 0.72
BXH 0.70 1.27 0.97 1.36 -3.48* 1.57 -.61 0.82
HxB 4.16** 1.17 0.81 1.44 -.70 1.38 1.42* 0.77
BXH + HXB 2.43** 0.98 0.89 1.11 -2.09* 1.17 0.41 0.64
BaXH -.09 1.52 0.22 1.70 2.20 1.65 0.78 0.94
HXBa 0.47 1.47 1.63 1.40 1.48 1.52 1.19 0.85
BaXF + HxBa 0.20 1.15 0.93 1.21 1.84 1.24 0.98 0.69
aEstimates are expressed in kilograms.
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Brahman X Hereford singlecross calves at birth. Only when Brahman 
X Brangus dams were mated to Charolais bulls did the Brahman X 
Brangus cow exhibit a significant maternal heterotic effect for 
birth weight. Considerable variation was exhibited for Brahman 
and Hereford-cross dams depending on the breed of sire producing 
the calf. A positive influence on Angus-sired calves and a 
negative influence on Charolais-sired calves was found but no 
effect was observed on calves by Brangus sires. The general lack 
of maternal heterosls for birth weight possibly reflects an 
advantage of the crossbred dam, especially when mated to sires 
known to produce large calves at birth. For example, dams 
producing Charolais-sired calves, for the most part, exhibited 
nonsignificant or negative maternal influences. Therefore, 
crossbred cows in this study did not provide a stronger in utero 
environmental effect to increase the probability of dystocia as 
it is affected by calf birth weight.
Table 4 contains the estimates of maternal heterosls for 
weaning weight. Differences observed among the reciprocal 
crossbred cows were nonsignificant. Brahman-Hereford cross dams 
provided the largest composite estimate of all singlecross dam 
combinations. The composite estimates for Brahman X Brangus and 
Brangus X Brahman cows showed the greatest similarity of any of 
the reciprocals and these estimates were slightly less than the 
composite estimates for Angus-Brahman cross cows. Angus-Hereford 
crosses and Brangus-Hereford crosses were also similar on a 
composite basis. Crosses involving Angus-Brangus dams were the
TABLE 4. MATERNAL HETEROSIS FOR WEANING WEIGHT*
Breed of sice
Breed of Angus (A) Brahman W Brangus (Ba) Charolais (C) Hereford (H) Composite
































































































































































Estimates are expressed in kilograms.
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only combination expressing a nonsignificant composite estimate 
of maternal heterosis. Crossbred cows mated to Brahman sires 
did not reveal significant maternal heterosis in weaning weight 
for any three-breed cross. However, all combined reciprocal- 
cross dams producing Angus- and Brangus-sired calves did show 
significant hybrid maternal effects.
Since Charolais sires were the only sire group to produce 
calves by all types of singlecross dams, relative comparisions 
of particular maternal effects were possible. Brahman-Hereford 
dams exhibited the greatest amount of maternal heterosis followed 
closely by Brahman-Brangus dams. Angus-Brahman and Brangus- 
Hereford dams were very comparable for maternal heterosis. 
Nonsignificant estimates were found for the combined reciprocal 
Angus-Brangus and Angus-Hereford dams.
Maternal heterotic estimates for weaning condition score 
are presented in table 5. Singlecross dams revealing significant 
maternal heterosis for weaning weight generally expressed 
significant effects on condition of calf at weaning. These results 
were expected because of the correlation (r « 0.48) between the 
two traits. The only major exception was for singlecross dams 
producing Brahman-sired calves. This may be due to Brahman-sired 
calves not having the growth potential to fully challenge their 
crossbred dams but having the ability to fatten. The response 
could also be a reflection of the Brahman-sired calf being 
adapted and expressing this adaptation under the more favorable 
environment provided by the crossbred dam.
TABLE 5. MATERNAL HETEROSIS FOR CONDITION SCORE3
Breed of sire
Breed of Angus <A) Brahman (B) Brangus (Ba) Charolais (C) Hereford (H) Composite

































































































































































aA score of 10 denotes a grade of average Good with each unit of change referring to one-third of 
a grade.
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The Increased environmental advantage received by progeny 
from crossbred dams Is the result of several factors. One of 
these Is probably Increased milk production. Schwulst et al. 
(1968) found heterosis of milk production for singlecross dams 
of 1.6%, 8.5% and 38% when calves were 14 days, A2 days and 200 
days of age, respectively. These estimates indicate that the 
cow was not only superior in yield, but also possessed an 
advantage for persistency of milk yield.
Percentage estimates of maternal heterosis expressed as the 
advantage of three-breed cross calves over the average performance 
of singlecross progeny from parental breeds of the dam are 
contained in tables 6 , 7 and 8 . Average percentage estimates 
were birth weight, 1.7%; weaning weight, 7.2%; and weaning 
condition score, 5.4%. Brinks et al. (1972) reported estimates 
of maternal heterosis for two-way linecross Hereford cows of 
1.5% for birth weight and 4.7% for weaning weight which are in 
agreement to those observed in this study. However, their 
estimate of 0.4% for weaning condition score for the linecross 
cows was considerably less than the 5.4% for the crossbred dams. 
Cundlff (1970) found a weighted average advantage of 5.6% in 
weaning weight for singlecross dams of Angus, Hereford and 
Shorthorn over straightbred dams producing crossbred calves.
Estimates of maternal heterosis for comparative purposes 
were derived from the literature by contrasting backcross calves




CompositeAngus (A) Brahman (B) Brangus (Ba) Charolais (C) Hereford (H)
AxB -9.8 2.7 0.7 -1.9
BXA -6.1 -4.6 1.4 -3.1
AXB + BXA -8.0 -1.0 1.0 -2.5
AxBa 3.7 2.7 0.0 2.2
BaXA -4.3 5.1 3.0 1.2
AXBa + Bax A -.3 3.9 1.5 1.7
AXH 10.7 2.3 -1.4 3.9
HXA 5.8 4.5 -.1 3.4
AXH + HXA 8.2 3.4 -.7 3.6
BxBa 1.3 7.3 1.1 3.4
BaxB 5.3 5.1 -2.2 2.8
BXBa + BaXB 3.3 6.2 -.6 3.1
BXH 2.5 3.2 -10.5 -2.0
HxB 14.8 2.7 -2.1 4.7
BXH + HXB 8.6 3.0 -6.3 1.3
BaXH -.3 0.6 6.3 2.4
HXBa 1.6 4.8 4.2 3.6
BaXH + HXB a 0.7 2.7 5.2 3.0
hoO




CompositeAngus (A) Brahman (B) Brangus (Ba) Charolais (C) Hereford (H)
AXB 9.4 7.8 7.3 8.1
BXA 10.8 4.3 17.2 10.7
AXB + BXA 10.1 6.0 12.3 9.4
AXBa 1.7 8.1 -1.0 3.0
BaxA -.4 -1.4 0.2 -.6
AxBa + BaxA 0.6 3.4 -.4 1.2
AXH 5.6 2.8 1.1 3.2
HXA 4.1 6.9 5.5 5.5
AXH + HXA 4.9 4.9 3.3 4.4
BXBa 8.4 6.2 6.0 6.8
BaXB 3.1 11.0 6.0 6.9
BXBa + BaXB 5.7 8.6 6.0 6.8
BXH 14.8 17.4 8.8 13.5
HXB 26.0 14.8 13.3 17.8
BXH + HXB 20.4 16.1 11.1 15.7
BaXH 3.5 1.6 6.2 3.8
HXB a 8.0 5.3 6.8 6.7
BaXH + HXBa 5.8 3.5 6.5 5.2




CompositeAngus (A) Brahman (B) Brangus (B) Charolais (C) Hereford Op
AXB 11.4 1.6 6.0 6.3
BXA 8.6 5.2 14.4 9.4
AXB + BXA 10.0 3.4 10.2 7.9
AxBa -1.8 1.5 2.2 0.6
Ba/A 0.8 4.9 3.3 3.0
A*Ba + BaXA -.5 3.2 2.7 1.8
A*H 6.6 8.9 -1.4 4.6
HXA 3.7 4.6 3.4 3.8
AXH + HXA 5.1 6.7 1.0 4.3
BXBa 4.7 9.0 4.2 5.9
BaXB -.1 7.8 10.3 5.9
BABa + Ba*B 2.3 8.4 7.2 5.9
BXrl 6.2 9.9 5.8 % 7.2
HXB 8.4 8.5 13.4 10.0
BaH + HXB 7.2 9.2 9.6 8.6
BaXH 3.8 4.3 1.9 3.2
H*Ba 3.3 5.6 6.1 4.9
BaXH + HXBa 3.5 4.9 3.Q 4.1
N3N>
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from dams with Fj-sired calves from stralghtbred dams. Brahman 
X Hereford dams expressed a 2.6% reduction in birth weight and a 
8.7% advantage in weaning weight (Cartwright et al_., 1964).
Both of these estimates are similar to the estimates in this 
study. Baker and Black (1950) observed Angus-sired calves from 
Brahman X Angus dams 11% heavier at weaning than those produced 
by the reciprocal mating which agrees favorably with the 10.7% 
in table 7.
Several workers have expressed the difference between 
singlecross reciprocals as a measure of maternal influences.
It is granted that the majority of this difference is probably 
due to maternal effects. However, it is also conceivable that 
maternal effects and growth rate are confounded. Gregory et al. 
(1965) and Gaines et al. (1966) reported that Hereford sires 
excelled Angus and Shorthorn sires for weaning weight, while the 
Hereford dams were lower than Angus and Shorthorn dams for 
maternal ability. There were indications that the difference 
between Hereford sires and Hereford dams was magnified by 
confounding maternal ability and growth potential since Hereford 
sires were used in crosses with Angus and Shorthorn dams that 
were superior in maternal ability. Likewise, the Hereford dams 
were used in crosses with Angus and Shorthorn sires that were 
lower than the Hereford in growth rate.
Maternal effects may also be affected by the type of calf 
that the dam is rearing. Gaines e£ al. (1970) found maternaJ
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effects for Angus, Hereford and Shorthorn dams to differ more 
for singlecross calves than for backcross calves sired by 
crossbred bulls.
Specific Heterosis
Table 9 contains estimates of specific (progeny) heterosis 
expressed in kilograms and percent. A detailed discussion of 
possible reciprocal differences will be undertaken because in 
an operation involving only singlecrosses, it is important to 
know whether a breed should serve as the sire breed or dam 
breed. From a production standpoint, it is also important to 
know if the better reciprocal exceeds the superior parental 
breed.
Heterosis for birth weight was significant for all combined 
reciprocals with an average of 7.8%. Crosses significantly 
superior to their reciprocals were Brahman X Angus, Brahman X 
Brangus and Brahman X Hereford. In all three cases, the 
smaller calves were from Brahman dams and these calves were 
lighter than the heavier parental breed. In addition to these 
combinations, calves from Angus sires were also smaller at 
birth than the heavier parent.
Estimates of heterosis for weaning weight were generally 
significant and the percentage expressions (average of 10.3%)
TABLE 9. SPECIFIC HETEROSIS FOR ALL TRAITS
Breed of Birth weight^ Weaning weight^ Condition scored




















































































































































































aBreeds coded as: A * Angus, B ■ Brahman, Ba * Brangus, H « Hereford and breed of sire
appears first, i.e., AXB represents a calf produced by an Angus bull and Brahman cow.
^Estimates are expressed in kilograms.
c A score of 10 denotes a grade of average Good with each unit of change referring to one-third 
of a grade.
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were higher than those reported from outside the Gulf Coast region 
(Mason, 1966; Cundlff, 1970). Hereford X Angus, Brahman X Brangus 
and Hereford X Brangus calves were significantly heavier at weaning 
than their reciprocals. Brangus-sired calves were always lighter, 
although nonsignificant, than straightbred Brangus calves. Calves 
from Brangus dams were always heavier than their reciprocals and 
the reverse was true for calves raised by Hereford dams.
Heterotic effects on weaning condition scores were less than 
those for other preweaning traits, averaging 4.4%. Only the 
Hereford X Brangus cross was significantly superior to their 
reciprocal for weaning score. Calves from Brahman or Brangus dams 
always revealed an advantage in condition at weaning compared to 
the reciprocals.
Some interesting comparislons for weaning weight may be 
made from earlier work conducted on Ben Hur by Damon et al. (1959) 
on data which were not included in the present study. Mean 
performance level of the straightbreds was 12 kg above the average 
straightbred performance in the present study. This is the 
probable explanation for the present percentage estimates to be 
higher for every cross than those previously found. However, the 
ranking of the various crosses remained essentially the same for 
the two studies even though actual performance levels varied.
The major change was for Angus X Brahman which ranked tenth in 
the former study but fifth in the present investigation.
Numerous reports on Angus-Hereford crosses were found in the 
literature. Gaines ejt al_. (1966) and Gregory et̂  cil (1965)
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observed the Hereford X Angus cross to have the advantage in all 
preweaning traits while Pahnish et al. (1969) reported no 
appreciable differences between the reciprocals. The average 
crossbred advantage of 2.8%, 4.6% and 0.7% for birth weight, 
weaning weight and weaning score, respectively, was considerably 
less than observed in this study.
Cartwright et_ al. (1964) found Brahman X Herefords to be 
superior by 25% at birth as compared to -4% for Hereford X 
Brahman which is the same ranking as illustrated in table 9 •
Their reported estimates for weaning weight of 18.6% for Hereford 
X Brahman and 13.3% for the reciprocal are also in close agreement.
The observed estimates in this study for weaning weight were 
slightly greater than those for Angus-Brahman crosses reported 
by Kidder (1963). In a review article by Warwick (1968), 
Brahman-British calves exceed British straightbreds by 11% in 
weaning weight which agrees favorably to the present study.
Relative Contribution of Weaning Weight Components
Estimates of maternal and specific heterosis are useful for 
the comparison of various breed combinations. However, the 
relative importance of components contributing to three-breed 
cross calf performance is also meaningful. Percentage estimates 
for the contribution of additive, specific heterotic and maternal 
heterotic effects for weaning weight are displayed in table 10. 
Estimates are presented only for weaning weight because of its
28
TABLE 10. PERCENTAGE ESTIMATES OF ADDITIVE(A), SPECIFIC(S) 
AND MATERNAL(M) EFFECTS FOR WEANING WEIGHT
Breed of  Breed of sire___________________
dam______Effect Angus(A) Brahman(B) Brangus(Ba) Hereford(H)
AXB A 89.7 78.9
S 1.7 14.2
M 8.6 6.9
BXA A 88.5 72.3
S 1.7 13.0
M 9.8 14.7
AxBa A 85.4 87.5
S 13.0 13.5
M 1.6 -1.0
BaxA A 87.2 86.5
S 13.2 13.3
M -.4 0.2
AXH A 83.4 92.8
S 11.3 4.4
M 5.3 2.8
HXA A 84.6 89.4
S 11.5 4.2
M 3.9 6.4
BXBa A 83.9 81.0
S 8.4 13.4
M 7.7 5.6
BaXB A 88.2 81.0
S 8.8 13.4
M 3.0 5.6
BXH A 80.5 84.6
S 6.6 0.6
M 12.9 14.8
HXB A 73.4 86.5
S 6.0 0.6
M 20.6 12.9
BaXH A 91.0 87.0
S 5.6 11.4
M 3.4 1.6




economic Importance. The Influence of these effects on birth 
weight and condition score may be obtained in similar fashion with 
the least-squares means contained in table 2. Estimation of 
additive and specific effects for Charolais-sired calves were not 
possible because straightbred Charolais calves were not represented 
in the study.
The Angus-Brahman combination dams were very similar in 
maternal heterosis on Brangus-sired calves but differed (6.9% 
vs. 14.7%) for Hereford sires. The additive and specific 
heterotic effects also varied greatly for these dams over the 
two sire groups. Calves raised by Angus-Brangus dams were 
influenced almost entirely by additive effects and specific 
heterosis and the percentage estimates for specific heterotic 
effects were essentially the same for the four types of triple 
crosses for these dams. Heterosis in the calf was normally more 
important than maternal heterosis for calves by Angus-Hereford 
and Brangus-Hereford cows. Three-breed calves by Brahman-Brangus 
dams were affected more by specific heterosis than by maternal 
heterosis. The composition of the means for Hereford-sired calves 
were the same whether they were out of Brahman X Brangus dams 
or their reciprocals. Calves from Brahman-Hereford cows were 
influenced mainly by additive and maternal components with 
specific heterosis being non-existent for calves by Brangus sires.
Observations of these data from an overall breed-of-sire 
standpoint may serve as a rough guide to the value of sire breeds
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in specific crosses. Specific effects were consistently larger 
(approximately 13.5%) for Hereford-sired calves followed by 
Brahman (11.9%), Angus (6.8%) and Brangus (2.2%). When mating 
Hereford and Angus sires to Shorthorn dams, Gregory et̂  al. (1965) 
and Gaines jet al. (1966) found Hereford-sired calves expressing 
greater heterosis. But, Pahnish e£ al. (1969) reported no 
differences between these sires when producing calves from 
Charolais cows. Specific heterotic effects were larger for 
Hereford sires than Brahman sires for calves from dams 
composed of these breeds (Cartwright, Brown and Thomas, 1971).
Some discussion of the ranking of sire breeds was deemed 
appropriate in order to evaluate the significance of these 
effects. A possible explanation for Brangus sires revealing the 
least amount of specific effects would be that the breed is 
composed of Angus and Brahman, thereby reducing the amount of 
genetic diversity when mated to dams containing these breeds. 
However, this concept may be misleading because Angus and Brahman 
sires also produced calves from dams containing Brangus breeding. 
Another aspect would be the level of performance of the 
straightbred calves since estimation of specific effects are a 
function of straightbred performance. Means of straightbred 
Brangus calves are used twice when calculating specific effects 
for Brangus-sired calves but only once for calves by dams 
containing Brangus breeding.
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Average percentage estimates for additive, specific and 
maternal components were 84.8%, 8.6% and 6.6%, respectively.
This figure of 6.6% is a measure of the proportion of three- 
breed calf performance attributed to maternal heterosis. The 
previously stated 7.2% is an expression of the advantage of 
three-breed calves from crossbred dams over singlecross calves 
from the parental breeds of the dam. Both estimates are based 
on the same specific environmental effect of the singlecross 
dam but differ only in the manner of expression.
Prediction of Weaning Weight in Rotational Crossbreeding Systems
Maternal heterosis for weaning traits plus heterosis for 
calf-crop percent (Turner, Farthing and Robertson, 1968; Warwick, 
1968) and the increased longevity (Cartwright et: al., 1964) 
expressed by the singlecross dam certainly illustrate the 
advantages of the singlecross dam. By combining the merits of 
the cow with a third breed of sire, maximum performance may 
be realized because of maximum heterosis in the dam and progeny 
plus combination of desired characteristics. However, in order 
to maintain this terminal cross program, breeding herds of 
straightbred females must be maintained or replacement females 
must be purchased. Thus, commercial producers may turn to a 
rotational cross system to obtain breeding females.
Riggs, Tovar and Cooper (1967) reported on a rotational 
system using five breeds of sires. They expressed the percentage 
advantage in weaning weight of the crosses in respect to a
32
contemporary Hereford herd. Three-breed cross calves from 
Brahman X Hereford cows by Charolais bulls demonstrated a 
superiority of 24.9%. Mating these 1/2 Charolais-1/4 Brahman- 
1/4 Hereford cows to Angus sires produced calves with a 22.4% 
advantage. Cows resulting from this cross were then bred to 
Shorthorn bulls and their calves revealed a 14.3% advantage 
even though the calves were composed of 7/8 British breeding.
These results indicate that rotational crossbreeding is 
advantageous especially through the Angus-sired generation 
since there was only a 2.5% decline from the Charolais-sired 
three-breed cross calves where both specific and maternal 
heterosis were maximum. There was little evidence of the 
superiority of three-breed (Angus, Polled Hereford and Santa 
Gertrudis) rotational crossing over the simpler two-breed Polled 
Hereford-Santa Gertrudis system for commerical calf production 
(Chapman, Clyburn and McCormick, 1970).
These results imply that knowledge of additive, specific 
heterotic and maternal heterotic effects are necessary for the 
prediction of various rotational systems. The estimates obtained 
for these effects in this study were used to predict weaning 
weight performance for two-and three-breed rotational crosses.
Figure 1 illustrates weaning weight performance of the six 
two-breed combinations through five generations. The composite 
(reciprocals combined) estimate for maternal heterosis, the 
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parental performance of the two breeds were used to designate 
performance regardless of the breed-of-slre alternative for 
each particular cycle. The difference between the and 
generation 1 Is primarily a reflection of maternal heterosis 
because it Is at 100% compared to 50% for specific effects.
Thus, the Angus-Brangus performance is less In generation 1 
since they expressed a negligible amount of maternal effects. 
Likewise, performance of Angus-Hereford crosses remained the 
same in later generations. Brangus-Hereford combinations were 
also at essentially the same level in subsequent generations 
compared to the F]_. However, breed combinations that involved 
large amounts of heterosis such as the Brahman-Hereford revealed 
these effects in generation 1 and the following generations. 
Crosses containing the Brahman breed displayed performance levels 
characteristic of a trait subjected to specific and maternal 
heterotic effects (Falconer, 1960). Work reported by Cartwright 
et al. (1964) tends to substantiate the theory that heterosis of 
the generation 1 calf is 50% of that expressed by the F^ calf. 
Singlecross calves were 26 kg heavier than the straightbred 
average while backcross calves produced by F^ bulls from both 
straightbred dams had an advantage of 15 kg.
Summarizing figure 1, the importance of heterosis and average 
breed effects were vividly demonstrated. Future performance was 
not predictable by the F^ since a measure of maternal heterosis 
must be provided for the different breed combinations. The
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parental average was not a good indicator of performance because 
the mean for Brahman-Hereford was 5.6 kg inferior to Angus- 
Brangus but after stabilization Brahman-Hereford crosses possessed 
a 20.8 kg advantage. Comparisons of the predicted backcross 
(generation 1) means with observed means (table 2) indicated there 
was less than a 4.8 kg difference for five of the crosses with 
the Brangus-Hereford crosses disagreeing by 13.1 kg. When 
comparing the ranking of the crosses by use of predicted or 
observed values the only disagreement was for the observed 
Brangus-Hereford cross being superior to Brahman-Brangus.
Figure 2 displays weaning weights of Angus-Brahman crosses 
where the Angus-sired first generation corresponds to the present 
line 5 at Ben Hur (Turner, 1968). The percentage contribution of 
each effect was considered for each generation (table 11). In 
generation 1, there was a predicted difference of 14 kg; but there 
was only an observed 0.4 kg difference. The primary reason for the 
large predicted difference was the 22.1 kg advantage in additive 
effects of the Brahman. A possible explanation for Angus-sired 
calves performing better than predicted was that dams raising 
Angus-sired calves maternally influenced their calves more than 
dams rearing calves by Brahman sires (table 4). The most note­
worthy point to be obtained from this graph is the importance of 
obtaining the first generation calves before predicting future 
performance.
Brahman-Hereford crosses are depicted in figure 3 where the 




























1 2 3 4 5
Additive® 75.00 A 37.50 A 68.75 A 34.37 A 67.18 A
25.00 B 62.50 B 31.25 B 65.62 B 32.81 B
Specific^ 50.00 AXB 75.00 BXA 62.50 AxB 68.75 BXA 65.62 AXB
Maternal^ 100.00 AXB 50.00 AxB 75.00 BXA 62.50 AXB 68.75 BXA
aPercentage contribution of straightbreds.
^Percentage contribution of heterosis resulting from an AXB cross 























Ben Hur and the percentage contribution during the various cycles 
were determined according to table 11. The predicted backcrosses 
were fairly close because of the 12.7 kg difference in specific 
heterosis between the reciprocal singlecrosses even though there 
was a 21 kg difference between stralghtbreds. The predicted values 
agreed well with observed backcrosses, B X BH, 210.7 kg and H X 
BH, 211.7 kg. Comparing figure 3 with figure 2, the Brahman- 
Hereford rotation is expected to be superior to the Angus-Brahman. 
This advantage is due to heterotic effects since the average 
transmitted effects for the two rotations are equal.
Figure A illustrates the performance levels of the four 
three-breed rotations. The average of the combined reciprocal 
estimates for specific heterosis and the average of maternal 
heterosis (reciprocals combined) when mated to sires of the third 
breed were used in calculating mean performance. Thus, the plotted 
levels of performance are the average of all possible combinations 
of the three breeds. Brahman-Brangus-Hereford and Angus-Brahman- 
Hereford crosses were similar in performance and ranked 
considerably above the Angus-Brangus-Hereford rotation. Parental 
average was not a good indicator of future merit of Angus-Brahman- 
Hereford crosses since they ranked last in respect to mean 
parental performance but second after rotational crossing began. 
Performance levels of the crosses were not always reliable 
predictors for future generations especially when comparing 
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Predicted performance of a three-breed rotational cross 
consisting of Angus, Brahman and Hereford beginning with Angus 
bulls Is shown in figure 5. The Hereford-sired second generation 
corresponds to the present line 9 at Ben Hur with the possible 
alternate sire rotation also illustrated. Percentage contribution 
for each particular effect was determined as outlined in table 12. 
The alternate sire rotation would be superior or equal (generation 
4) in performance because of the additive effects in the second 
generation, heterotic effects in generation 3 and additive effects 
in generation 5. Expected performance in the Hereford-sired 
generation 3 is slightly greater than generation 1 where 
performance should be the maximum because of the magnitude of 
specific heterosis involved in that particular cycle of the 
rotation.
Level of performance expected after stabilization in 
rotational systems depends on the percentage contribution of the 
breeds for additive effects plus the amount of heterozygosity 
maintained. Heterozygosity in three-breed and two-breed rotations 
should be approximately 86% and 67%, respectively, indicating that 
three-breed crosses ought to be superior as long as the transmitted 
additive effects are comparable. Contrasting figures 2, 3 and 5 
Indicate that these rotational crosses rank Brahman-Hereford, 
Angus-Brahman-Hereford and Angus-Brahman. Specific and maternal 
heterotic effects were the factors affecting this expected ranking 
since there was only a small difference between additive effects 



























1 2 3 A 5
Additive® 50.00 A 25.00 A 12.50 A 56.25 A 28.12 A
25.00 B 62.50 B 31.25 B 15.62 B 57.81 B
25.00 C 12.50 C 56.25 C 28.12 C 1A.06 C
Specific** 50.00 AXB 50.00 BXA 25.00 CXA 31.25 AXB 56.25 BXA
50.00 AXC 25.00 BXC 62.50 CXB 56.25 AXC 28.12 BXC
Maternal^ 100.00 BXC 50.00 AXB 50.00 BXA 25.00 CXA 31.25 AXB
50.00 AXC 25.00 BXC 62.50 CXB 56.25 AXC
aPercentage contribution of straightbreds.
^Percentage contribution of heterosis resulting from an AXB cross 
produced by A-sire and B-dam.
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maternal as well as specific heterotic effects to make predictions 
was emphasized.
Prediction equations for rotational crossbreeding systems 
based on singlecross and parental breed performance were reported 
by Carmon et al. (1956). No consideration was given to the 
influence of maternal heterosis or to the breed of sire at any 
particular cycle in the rotation. Table 13 contains a comparison 
of predicted performance levels for two-breed systems by the 
method used in this study with those obtained by equations 
reported by Carmon et al. (1956). Both methods ranked the crosses 
approximately the same, but there was considerable variance in 
the magnitude of differences among the crosses. This was 
especially true for comparisons with Brahman-Hereford crosses, 
a cross expressing a large amount of maternal heterosis, whereas, 
differences Involving Angus-Brangus, a cross revealing a 
negligible amount of maternal heterosis, were very comparable. 
Naturally, this was expected since their equation does not consider 
maternal heterosis. Table 13 also contains comparisions for 
three-breed crosses. The same trends as were discussed for two- 
breed rotations were found for rotational systems involving three 
breeds.
Evaluation of the accuracy of various prediction equations 
probably should not be based on expected mean performance but on 
the accuracy of describing the ranking and magnitude of differences 
between breed combinations. Ot course, the accuracy of predictions
45
TABLE 13. COMPARISONS OF PREDICTION METHODS FOR ROTATIONAL 
CROSSES a, b
Two-breed rotations0
A-B A-Ba A-H B-Ba B-H Ba-H
A-B -11.6 -21.7 6.7 9.3 -4.1
A-Ba -1.3 -10.1 18.3 20.9 7.5
A-H -15.1 -13.8 28.4 31.0 17.6
E- _ 9.6 10.9 24.7 2.6 -10.8
B-H 2.1 3.4 17.2 -7.5 -13.4
Ba-H 1.3 2.6 16.4 -8.3 -0.8
Three-breed rotations0
A-B-Ba A-B-H A-Ba-H B-Ba-H
A-B-Ba 4.8 -11.5 6.9
A-B-H -6.0 -16.3 2.1
A-Ba-H -8.0 -2.0 18.4
B-Ba-H 1.9 7.9 9.9
differences are expressed In kilograms for weaning weight.
bBreeds coded as: A ■ Anugs, B * Brahman, Ba - Brangus and
H - Hereford.
cAbove the diagonal represents differences among predicted 
values from method utilized in this study and below the diagonal 
represents differences among predicted values from equations of 
Carmon et al. (1956). Diagonal elements serve as reference points, 
i.e., the A-B mean was substrated from the A-Ba mean.
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would depend on environmental changes. Also, the possible 
Influence of eplstatic recombination effects on maternal and 
progeny performance might alter the reliability of the predictions 
Precise estimates of recombination frequencies would be difficult 
to obtain (Franklin, 1970).
Dickerson (1969) reported recombination losses in maternal 
and progeny performance to be 1/3 for two-breed and 3/7 for three- 
breed rotations. He constantly referred to recombination effects 
as a disadvantage in crossbreeding systems. However, it seems 
probable that recombination effects could be advantageous when 
selecting among crossbred individuals produced by inter se matings 
For example, recombination effects were probably beneficial in the 
development of new breeds (Rhoad, 1949; Sumption, Rempel and 
Winters, 1961). In addition, rotational systems utilizing 
straightbred sires have the strong advantage of maintaining a 
high proportion of maximum heterozygosity with recombination 
effects kept relatively low because only the female produces 
recombination gametes. Thus, if recombination effects are 
important, they should have a greater influence when both 
crossbred sires and dams are used. After several generations 
of inter se matings, carcass weight of the Bonsmara exceeded the 
means of Hereford by 25% and Afrikaner by 12%, the breeds which 
served as the foundation base (Bonsma, 1971). Baker and Black 
(1950), reporting on inter se matings of 1/2 Brahman X 1/2 Angus 
and 3/8 Brahman X 5/8 Angus, found only a 0.5 kg difference in
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weaning weights. Considering that additive, maternal heterotic 
and specific heterotic effects should be essentially the same, 
recombination effects probably had a minor role on performance.
An alternate approach may be taken to the conventional 
rotational crossbreeding systems by utilizing straightbred sires 
of a breed not involved in the cross. This method allows maximum 
expression of specific heterosis and relatively small effects 
resulting from possible recombinations. This approach would be 
particularly useful in a two-breed rotation where maternal 
influences and possible adaptability characteristics are combined. 
Then, the sires of a third breed could provide the desired market 
requirements. If a sudden change in market demands or management 
systems occurred, it would be relatively simple to change the 
terminal sire breed. Replacement females would be obtained by 
placing sires for that cycle of the rotation in a 1:3 ratio with 
the terminal sire breed. Thus, there would be a simultaneous 
production of replacement females and market animals.
SUMMARY
Birth weight, weaning weight and condition score data on 
960 calves produced from 1961 through 1968 on the Ben Hur Farm 
were used to estimate maternal and specific heterotic effects on 
preweaning traits and to predict weaning weight performance of 
rotational crossbreeding systems. Straightbred cows of the 
Angus, Brahman, Brangus and Hereford breeds and all reciprocal 
two-breed crosses were bred to sires of these breeds plus 
Charolais sires to produce 222 straightbred, 337 singlecross 
and 401 three-breed cross calves. Analyses of preweaning traits 
were obtained with a model considering the effects of year, sex 
and breed of calf plus partial regressions on weaning age of 
calf and age of dam.
Linear functions of calf breeding constants were employed 
to estimate maternal heterosis by comparing triple-cross progeny 
with the average performance of singlecross progeny from the 
parental breeds of the dam. Differences between reciprocal 
dams for maternal heterosis were nonsignificant. Maternal 
heterosis for birth weight was generally nonsignificant. Brahman- 
Hereford cross dams provided the largest estimate of maternal 
heterosis for weaning weight of all singlecross dam combinations.
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Brahman X Brangus and their reciprocal expressed the greatest 
similarity of any reciprocal combination. Crosses involving 
Angus-Brangus dams produced the smallest hybrid maternal effect 
on weaning weight. Singlecross dams revealing significant 
maternal heterosis for weaning weight generally expressed 
significant effects on condition of calf at weaning. Average 
percentage estimates of maternal heterosis were bivth weight, 
1.7%; weaning weight, 7.2%; and weaning condition score, 5.4%.
Estimates of specific heterosis were calculated from the 
means of straightbred and singlecross calves. All combined 
reciprocal estimates of specific heterosis were significant for 
birth weight and weaning weight. Only the Angus-Brangus and 
Angus-Hereford crosses exhibited nonsignificant specific 
heterotic effects for condition score. On the average, single­
crosses exceeded the parental means by 7.8%, 10.3% and 4.4% for 
birth weight, weaning weight and condition score, respectively.
Specific and maternal heterotic effects plus the additive 
contribution of the three breeds were combined to reconstruct 
the triple cross means to determine the relative influence of 
these three components on weaning weight. Maternal heterosis 
exhibited by the crossbred dam accounted for 6.6% of the 
weaning weight mean. Additive effects of the breeds involved in 
the crosses accounted for 84.8% and 8.6% was attributed to 
specific heterotic effects.
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Predictions of weaning weight performance in two- and 
three-breed rotational systems were made with estimates of 
additive, specific heterotic and maternal heterotic effects. 
Parental average as well as the average were not reliable 
indicators of future performance. Thus, the first generation 
must be produced before accurate predictions of future 
performance may be determined. Of the crosses involved in this 
study, the Brahman-Hereford seems to be the superior two-breed 
rotation and the Brahman-Brangus-Hereford appears as the 
preferable three-breed cross.
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